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The MINOS DetectorControl System(DCS)is anintegratedhardwareandsoftware
systemwhich controls,monitors,andlogs operatingparametergor the MINOS Near,
Far andCalibrationDetectors.This documentprovidesan overview of the DCSincor-
poratingcommentsandsuggestionsnadeat the Third DCS Review andthe Rutherford
DAQ Workshop bothheldduring January2001.

. DCSOVERVIEW

TheMINOS DCSincludessix majorsubsystemsthe High VoltageController the RackMonitor andits
incorporatedCalibration(Flasher)Communicatiorinterface,the EnvironmentalMonitor, the BeamMoni-
tor, andtheMagnetandCoil Controller(Tablel). They areoverseerwith thelntellution“iFix” Supervisory
ControlandDataAcquisition (SCADA) software packagewhich alsointerfaceswith the DAQ (DataAc-
Quisitionsystem)andOracleDatabase.

DetectorControl installationwill begin with a prototypesystemfor the CERN Calibration Detectoy
uponwhichfinal refinement$or the NearandFar Detectorsystemswill bebasedln thesemorepermanent
implementationdothlocal (DetectorHall) andremote(FNAL High Rise)operationwill be supportedin
bothautomaticandoperatordriven modes.

The MINOS DCS s asa rohust, modularsystemcomprisedalmostentirely of off-the-shelf,industrial
control hardware and software. Theseutilize establishedcommunicatiorprotocolssuchas OPC (Object
Linking andEmbeddingor Proces<Control) andSoclets,which allow distributed processingia ethernet
and TCP/IP Thesestandardizegbackageslso help supportreliable operationandrapid detugging, and
allow “plug-in” upgradesFig. 1 outlinesthe Far DetectorDCS organization,ndicatingin particularhow
local andremoteaccessareobtainedvia processore the Far DetectorHall, ControlRoom,andthe DCS
Satellitein Wilson Hall (Sectionll A).

. DCSCOMMUNICA TIONS AND CONTROL

At the heartof the DCS designis the Intellution SCADA systemcallediFix. This DCS “Supervisor”
runsunderWindows 2000andprovidesthefollowing functionality:

1. Data Acquisition and Control Interfaces: iFix is ableto acquiredatausingupto eightbidirectional
I/0O drivers,eachof which canbe linked to multiple relatedhardware devices. Theseinclude built-
in driversfor the BiRa (RackMonitor) andFieldPoint(Magnetand Coil Controller Ervironmental
Monitor) hardware,andgenericOPCsenersfor othersubsystems.



Vendor Model Control Monitor Log
DCS Supenisor| Intellution | Fix [ X [ X [ X]
High Voltage LeCroy 1440 X X X
Rack Monitor BiRa RPS-8884 X X X
Calibration MINOS (Custom) LED X) — X
Environmental | OregonScientific, | WM-918| — X X

NationallnstrumentsFieldPoint
BeamMonitor FNAL SWIC — X X
Magnet & Coil |NationallnstrumentsFieldPoint  (X) X X

TABLE |: DCS subsystemsindinteractionlevels. DCS passesommandgo the CalibrationFlashersbut doesnot
providelogical control. The MagnetandCoil FieldPointsystemwill bedesignedandoperatedy the SteelGroupbut
will log datavia DCS.

2. Warnings and Alarms: iFix automaticallycomparesnonitor datato presetrangesn orderto de-
tect out-of-toleranceconditions. Alarms indicatesituationswhich may compromisedataquality or
indicatea safetyhazard andmaybeaccompaniethy automatichardware-or software-triggeredc-
tion including AC or HV cutoff. Warningsindicatelessseriouseventswhich neverthelesgequire
operatorinteraction. Both Alarms and Warningstrigger DCS display changesand sendemail to
appropriatedMINOS personnel.

3. GUI Interface: iFix emplgss aflexible GraphicalUserInterface(GUI) which will be permanently
displayedndedicategrocessors theNear Far, andCalibrationDetectoHalls,in theFar Detector
(Soudan)ontrolRoom,andin Wilson Hall at Fermilab TheseGUI’'s normally provide asummary
of operatingconditionsarrangedoy DCS subsystemusingcolor-codedbackgroundsvhich change
from greento yellow or red when Warningsand Alarms are generated. The iFix GUI will also
provide accesgo detailedsubsystendataandDCS controlsin a page-orientetbrowseableformat.
Specificoperatordirectionsfor addressingitnomalouCS signalscaneasilyandnaturallybe built
into this interface.

4. Inter nal Database:iFix maintaingts own internaldatabasef detectoroperatingparametersRkRele-
vantstatisticalanalysesanbepreprogrammetb producemmediateandvaluableon-linediagnostic
tools,independentf the historicalrecordmaintainedby the OracleDatabase.

5. Programmability: iFix is programmableisingVisualBasicfor Applications,a customizedersion
of Microsoft VisualBasic. Visual Basicis anobject-orientedanguagehathasmary of thefeatures
of C++ while retainingthe syntaxof BASIC. It is currently the mostpopularcoding languagen
the world, for which thereis a large knowledgepool available for commercialsupport. Throughit
applicationto DCS programmingMINOS studentswill gainbothhighly marketablesoftware skills
andvaluabletrainingin anObject-OrientedOO) ervironment.

A. Inter nal Communications

Becausaletectorcontrolis areal-timecritical task,DCSemploys dedicategrocessorso provide mod-
ularity and avoid potentialproblemsassociatedvith variablecpuload andmemoryswapping. In the Far
Detectorthis requirestwo Windows 2000 processorsor theiFix Supervisorand Satellite,andfour Linux
processorfor HV control(Tablelll). Thisschemasolateghefirstandsecondsupermodul@hotomultiplier
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FIG. 1: Far DetectorDCS organization.Local iFix accesss providedby DCSFX1in the SoudanControlRoomand
via VMWare 2.0 on the HV (Linux) processorsDCSHV1-DCSHV4.TheiFix Satellite(DCSFX2)allows remote
accesdrom Wilson Hall. DCS subsystendrivers (excluding the HV controller) run on DCSFX1, accessingheir
distributedhardwarevia the DCSLAN assummarizedn Tablell. The NearDetectorDCSandCalibrationDetector
Prototypearesimilar, but with only oneHigh VoltageprocessoandnoiFix Satellite(Tablelll).

suppliesandprovideslocalaccesgo iFix (via VMWare2.0)on eachsideof eachsupermoduleOtherDCS
subsystemareconnectedlirectly to the DCS LAN usinglIntelligentInstrumentsEDAS ethernet-to-serial
interfaces,either stand-alondmodel 1025E)or built into the Rack Monitors (model1002). Commercial
driversrunningon theiFix Supervisomprocesso{DCSFX1)managehe subsystenhardwareandprovide
datalinks to iFix. Thesencludebuilt-in softwarefor the BiRa (RackMonitor) andFieldPoint(Magnetand
Caoil, ErnvironmentalMonitor Thermocoupleshardware,andgenericOPCsenersfor the High Voltageand
othersubsystemgTablell). Calibrationdataareloggedvia DAQ-DCSCommunicationgSectionlll A).

TheNearDetectoiDCSSuperviso{DCSFX3)will belocatedn WilsonHall, with localaccesgrovided
onits associatedHV processofDCSHV5). Thereis no NearDetector“satellite” DCS. The samescheme
is employedfor the CalibrationDetectoy with the HV processofDCSHV7)locatedasnearthe detectoras
possibleandtheSuperviso(DCSFX4)in theappropriatécontrol room” area.DCSHV6runsastand-alone
controllerfor the High VoltageTestStandin the Soudar? DetectorHall (Tablelll).

DCSfor theNear Far, andCalibrationDetectorgequiresatotal of seventeerstand-alon&DAS 1025E
ethernet-to-seriadevices(oneperHV andEnvironmentalstation; Tablell), andelevenindividual proces-
sors(four Windows 2000 and seven Linux; Tablelll). Using preliminary EDAS and PC costestimates
of $500??and $1,800??each,respectiely, we estimatea total hardware outlay of $30,000??including
$100??per EDAS for rack mounthardware and cables. The iFix software Licensecostis $5,000??for



Driver (O] Link iFix Link Stations
High Voltage {CustomC++| Linux |[RS-232 OPC, A4FD+1TS
Berkeley Soclets 2ND + 1BM
1CD
Rack Monitor BiRa  |Win 2000 Ethernet Built-in 16 FD + 4 DAQ
35ND + 4 DAQ
Calibration |CustomC++| Linux |RS-485DAQ-DCSCommunications16FD + 8 ND
Environmentall Oregon |Win 2000 RS-232 OPC, 3FD
Scientific, ASCII Files 1ND + 3BM
FieldPoint |Win 2000 Ethernet Built-in 1CD
Magnet & Coil| FieldPoint |Win 2000 Ethernet Built-in 2FD+1ND

TABLE II: DCS subsysteniinks andstationsfor the NearandFar Detectors(ND/FD), CERN CalibrationDetector
(CD), BeamMonitor (BM), and SoudanHV Test Stand(TS). The Rack Monitor and Magnetand Coil Fieldpoint
hardware provide direct ethernetaccesswhile CalibrationCommunicationeemploy the BiRa RPS-88845 built-in
EDAS 1002 (RS-485& RS-232)interface. The HV andernvironmentalstationsrequirestand-alone€EDAS 1025E
(RS-2320nly) devices.

eachof theNearandFar Detectorimplementationshut will notbenecessarjor developingthe Calibration

DetectorPrototype. This bringsthe net Communicationsand Control budgetto $40,000?? Note thatthe

RackMonitor andCalibrationEDAS 1002ethernet-to-serialevicesareintegratedinto the BiRaRPS-8884
Hardware(SectionV).

. EXTERNAL COMMUNICA TION

TheMINOS DetectorControl Systemcommunicatesvith two externalMINOS processedDAQ andthe
OracleDatabase.This is accomplishedria ROOT TSoclets. In the caseof DAQ-DCS Communications
this protocolallows a pre-definedsetof detectorstatusmessageso be transmittedandinterpretedwhile
in the caseof the OracleDatabaseét providesa direct and platform-independemntethodfor distrilbuting
ASCII-formattedDCSdata.

A. DAQ-DCSCommunications

Becauséhe DAQ andDCSiFix Supervisoemplq differentoperatingsystemsa platform-independent
link mustbe establishedetweerthem. Two principle network protocolsareavailablefor this task: TCPIP
andUDP. TCPIPguaranteedatadelivery but requiresaformal sener/clientsoclet relationship.UDP, con-
versely guaranteesothingbut allows “broadcast’communicatiorunavailable with TCPIR As reliability
is a concernaswell assecurity we have chosenTCPI for DAQ-DCS Communications.In this protocol
a numberof client-serer connectiongnustbe establishedbut becausenostaredeterminedn advancea
simplesoclet manageis appropriat§adaptve managemens not required).

DAQ-DCSCommunicationslefinetwo type of notificationobjects: “messagesand“requests. Mes-
sagesindicate changesof statesuchasrun startand run end, intendedfor interpretationby a physicist
operator Requestsvill enablespecificautonomou®CSactionsto betaken,andwill beimplementedater
asdeemedit to facilitate automaticdetectoroperations.In ary casethe role of DCSis to provide a ser
vice to the DAQ—DCS may sendwarningsor otherinformationto the, but will not explicitly alter DAQ
operations.

A prototypeDAQ-DCScommunicatiorsystemhasbeendevelopedusing TSocletsasimplementedn
theROOQOT [1] C++programlibrary. ROOT waschoserbecausef its flexibility andplatformindependence,



(OF) Location Function
DCSFX1|Windows|FD ControlRoom| Far DetectoriFix Supervisor
2000 (Soudan) FD SubsystenDrivers
DCSFX2 WilsonHall |FDiFix Satellite
DCSFX2 (FNAL)
DCSHV1| Linux SM1E SM1 Odd-planeHV; iFix Access
DCSHV2 SM1W SM1Even-planeHV; iFix Access
DCSHV3 SM2E SM2 Odd-planeHV; iFix Access
DCSHV4 SM2W SM2 Even-planeHV; iFix Access
DCSFX3|Windows| WilsonHall |NearDetectoriFiX Supervisor
2000 (FNAL) ND Subsystenbrivers
DCSHV5| Linux ND Hall ND HV; iFix Access
BeamMonitor SWICHV

DCSHV6| Linux | Soudar? Hall |SoudarHV TestStand |

DCSFX4|Windows CERN CalibrationDetectonFix Supervisof
2000 TestBeam |CD SubsystenbDrivers
DCSHV7| Linux CD HV; iFix Access

TABLE lll: DCS processorsTheiFix SupervisorandmostSubsysterdriversrun underWindows 2000, while the
HV controllerrunsunderLinux.

andin orderto limit thenumberof systenmsoftwaredependencied his protocolincorporatesiROOT object
whichindicateghetypeof notificationandincludesa shortstringcontainingthemessagéself. ROOT GUI
classedave beendevelopedto displayingmessageandprovide further DAQ-DCSfunctionality

Oneimportantattribute of the systemis flexibility in receving non-ROOT messagesgsimple strings).
This is elegantly handledby ROOT becausesuchmessagesanbeidentifiedeitherasROQOT objectsor as
simplestringtypes.Communicatioracknavledgements alsoprovided, yielding quick confirmationwhen
messagebave beenreceved.

B. The Database

AlthoughiFix will maintainits own historicalrecordof detectoroperatingoarameterst will alsotrans-
mit anarchival abstracto the MINOS OracleDatabaseEachhourthe NearandFar DetectorDCS Supef
visorswill producesummarieof currentoperatingparameterswith both internalandfilename-encoded
date-timestamps.Betweenhourly dumpsDCSwill write “incremental”files consistingof one-lineentries
for eachparametechangeandWarningor Alarm notedby theiFix Supervisar It will thusbe possibleto
reconstructry detectorstatefrom a combinationof onehourly statusdumpandthefollowing incremental
file. Bothfileswill bewrittenin ROOT formatvia a ROOT TSoclet.

IV. THE HIGH VOLTAGE CONTROLLER

The MINOS High Voltage subsystenemploys LeCroy 1440 hardware and a custom-designe@C++)
controller communicatingria RS-232(built into the 1440)andEDAS 1025Eethernet-to-seridhterfaces.
It is modelledafterthe MACRO [2] systemwhich wassimilarin sizeandscopeandoperatedsuccessfully
for approximateljtenyears. The MINOS implementatiorrequiresfour LeCroy 1440HV mainframeser
supermoduldor the Far Detector two for the NearDetectoy andoneeachfor the BeamMonitor, Soudan



HV TestStand,and CERN CalibrationDetector(thirteenin all). In eachFar Detectorsupermodulghe
lowest-numberedhainframeprovideshigh voltageto the eastsideof the odd planesandthe secondo the
east-sideeven planes.A third andfourth sene the westsidein similar fashion.Odd planescorrespondo
the“u” electronicsview, runningdiagonallyfrom the uppereastto the lower west,andeven planesto the
“v’ view, runningfrom the upperwestto thelower east(TablelV).

EachFar DetectorsupermodulgSM) includes242 instrumentedplanes,121 in eachof the odd (u)
andeven (V) views. They arepairedsequentiallynod 2, or in odd-odd/gen-even fashion. This produces
120planepairs(sixty oddandsixty even)andtwo unmatchegblanes Eachpairrequiregshreemulti-cathode
(sixteenchannel)photomultipliertubeson eachside, multiplexed ninefibersto a pixel. Unmatchedlanes
useonly two pmt's each,of which oneis only half occupied. The Far Detectorthus requiresa total of
120x 2x 3+ 2x 2x 2= 728independenHV channels.

Eachmainframesenessixty full andonepartially occupiedmux boxes,or 60x 3+ 1 x 2 = 182actve
channels.The first 180 of theseare arrangedifteen eachon twelve sixteen-channetards,yielding five
single-sidedblanepairsandonesparechannelper card. For consisteng the unmatchedlaneis serviced
by athirteenthHV cardratherthanwith anad hoc arrangementf sparechannelsthe underutilizedcard
beinganunavoidablebut minor consequencef thefactthatthenumberof planeds notdivisible by twenty
The NearDetectoy BeamMonitor, CalibrationDetectoy and SoudarteststandHV systemsaresimilarly
organizedbut smallerin scope.

A. Channelldentification and Control

High voltagechannelsaarenumberedconsecutiely from 0 to 255in eachLeCroy 1440,sixteenperHV
cardslot. This “physical” or “hardware” channelnumberis assigneda Logical ChannellD via the local
channemap,allowing sparehardwarechanneldo be swappedransparenthandproviding amorephysical
representationf the detectorfor the DCS SupervisarLogical channelDs includethe SupermoduleSide,
first PlaneNumber andpmtindex, with mux boxesidentifiedvia the sameschemelE001-] for example,
is the 1stof threephotomultipliersn muxbox 1E001, which senestheE sideof plane001 (andplane003)
in supermoduld.

The HV graphicaluserinterface (integratedinto the iFix supervisor)will displaythe logical channel
label and physicalchannelnumbey identify both planessened by the associateanux box, andindicate
whetherit presenta“u” or “v’ view. While someof this informationis redundanta completedescription
may helpreduceoperatorerror NearDetectorandCalibrationDetectorHV nomenclaturdollow the same
schemeén accordancevith their respectire multiplexing geometrieswith “N” or “C,” respectiely, in place
of thesupermodulendex.

Thecontrolleritself consistof approximately2,000linesof C++ code portedfrom the MACRO (FOR-
TRAN) versionand adaptedior MINOS in a unix (Linux) ervironment. Becausehe E andW endsof
the scintillator areboth instrumentedandbecause&achmux box containsthreeseparatghotomultipliers,
it controlsvoltagein six-channel'groups” which sene both ends(E andW) of a planepair. Distributed
accesso theLeCroy Mainframess achievedviathe DCSLAN, usingintelligentinstrument€£DAS 1025E
ethernet-to-seriahterfacesconnectedo the LeCroy’s built-in RS-232ports! PeriodicHV readouincludes
thefull logical channelmap,which follows the standardCS datastreamto the OracleDatabase.

TheentireFar Detectorcouldin principle be overseerby asingleHV processbut it wasnot considered
desirableto spansupermodules.In addition detectormaintenanceequireslocal control of the HV and
otherDCS systemsfor which a processors heededn eachside of eachsupermoduléfour in all for the
Far Detector onefor the NearDetector). The iFix Supervisorsfarmout” HV controltasksaccordingto
TablelV, while thedistributedHV processori turn provide local accesgo iFix via VMWare2.0.

1RS232-compatibleablesareshieldedandlimited to no greaterthan1 min length.



Function Planes View Processor
1 SM1E E-Odd u |DCSHV1
2 E-Even v |DCSHV2
3] SM1WwW W-Odd u |DCSHV1
4 W-Even v |DCSHV2 Far
5 SM2E E-Odd u |DCSHV3| Detector
6 E-Even v |DCSHV4| Hall
7/ SM2W W-Odd u |DCSHV3
8 W-Even v |DCSHV4
9 Near E-All u/v |[DCSHV5| Near
10| Detector W-AIl u/v Detector
11{BeamMonitor SWIC1-3 — Hall
12| Calibration All u/v | DCSHV6| CERN
Detector TestBeam
13| HV Test — — | DCSHV7| Soudan2
Stand Hall

TABLE IV: HV Mainframesby functionandlocation.

B. Status

As of this report,the HV controllercodeis substantiallycomplete.In its presentform it canoperatea
singleLeCroy MainframeusingthedirectRS-232port, andcanberun eitherlocally (via thekeyboard)or
overtheetherne(via Berkeley Soclets).Oncethe EDAS 1025Eethernet/RS-23hterfacesoftwarelibrary
hasbeenincorporatedthe subsystenwill bereadyfor installation. Thiswill beaccomplishedby the DCS
groupin cooperatiorwith TexasA&M University which will handlehardware delivery to the Neat Far,
andCalibrationDetectors TAMU will alsomake the minor hardware modificationsrequiredfor useof the
1440systemwith the SWIC beammonitor (SectionVIll).

Sincethe HV subsystenemploys existing supplies(obtainedfrom FermilabPrep)andthe HV cables
themseleswill be producedby the scintillator group, it presentdew few DCS-accountableosts. These
includeonly the HV processorandethernet-to-seridhterfacesalreadydescribedn Sectionll A on DCS
CommunicatiorandControl.

V. THE RACK MONIT OR

DCSwill monitorelectronicgack statusat all threedetectorsites. Thisis accomplishedvith the BiRa
RPS-8884,a 1U rack-mountedmodule that communicatesvith the iFix Supervisorvia direct ethernet
link [3] andbuilt-in software drivers. The 8884 is a genericdevice customizedto meetMINOS needs,
addressinghefollowing threegeneratasks:

1. Safety: Provide immediateAC shutdavn in the event of excessie heat,smole, or (in the caseof
NearDetectorFront-Endcrates)cooling systemleak.

2. Monitor: Measureandlog backplanevoltage,temperatureand otheroperatingparametersvhich
might affect electronicsperformance.When appropriatejndicate Warning or Alarm statusto the
iFix Supervisar



3.

Communications: Provide the primary communicatiorink for the CalibrationLED Flashersand
asecondaryhard reboot”signalfor the DAQ processors.

A. Warningsand Alarms

In accordancevith FNAL safetyregulations,unattended\C poweredracksmustbe ableto shutthem-
sehesoff in theeventof fire. MINOS DCSextendsthis capabilityto includelargeinput power fluctuations,
high temperaturavarnings,significantdeviationsfrom expectedbackplanevoltagelevels,andleaksin the
NearDetector(liquid cooled)Front-EndRacks. Datafrom therelevant hardware systemsareperiodically
loggedalongwith otherDCSinformation,generatingNVarnings(which do not cutrack power) andAlarms
(which do) asfollows:

RPS-8884Fenwal CPD7051"ionizationsmole detectorsinstallednearthetop of eachrack: Alarm
andAC cutof.

limited AC power suige or voltageout of phasemonitors,internalto the AC relay boxes: Alarm and
AC cutoff.

Cooling air temperaturesensorsmountedin both input and outputflow: Warning at 40°C input
temperatureinput/outputdifferentialof 20°C, or outputhumidity of 100%. Alarm andAC cutof at
50°C inputtemperaturer 30°C differential.

VME crateDC backplanevoltagemonitors,provided via crimpedring terminalwire connectiongo
the 9U VME cratebackplane:lndependentWarningand Alarm (AC cutoff) thresholdshard-wired
by appropriatgesistorselectionduring RPS-8884nstallation.

FNAL VME coolingfanmonitor, provided by atwo-terminalglobal OR MOSFET output: Warning
for failure of oneor morefans(providesredundang for air temperaturenonitorsandearlydetection
of single-fanfailure).

Additional NearDetectorFront-End(watercooled)rack functionality:

BiRa 1U 19” rack-mountedarallel-planescreenmeshconductvity sensor/lealdetectorsjn-
stalledbeneaththe crates:Alarm andAC cutof.

GEMS RFO-2500seriesRotorFlav (waterflow) sensorsjnstalledin the cooling water line:
Warningat 3.5 gallonsperminute(gpm),Alarm andAC cutof at2.5gpm.

LM35 watertemperaturesensorsmountedinline, inside a copperblock securedo the water
inlet pipe: Warningat20°C, Alarm andAC cutof at30°C.
Additional Far DetectorPower Distribution Box functionality:

Differential 5 DC voltage monitor, provided via crimpedring terminal wire connections:
WarningandAlarm thresholdgo be determined.

Temperaturenonitor, providedvia internalAD590M temperatureurrenttransducersWarning
andAlarm thresholdgo bedetermined.

TheRPS-8884anprovide aredundanVME power supplymonitorvia aserial(RS-232)link to theWeiner
Paver Supply We do not emplgy the CaenNETinterfacewhich normally utilizes this port, but the corre-
spondingportonthebuilt-in EDAS 1002interfaceis reseredfor this purposen the eventthatthecommu-
nicationprotocolis availablefrom Weiner This possibilitywill beexploredaspartof the CERNCalibration



DetectorPrototypeDCS. The LED Flashemoxes,finally, arenot directly monitoredby the RPS-8884ut
communicateviait’s built-in EDAS 1002serial(RS-485)port (SectionVl).

AC cutof is accomplishedy a BiRa relay box downstreamof the rack monitorinput. This provides
continuedmonitorfunctionalityevenafteratrip, allowing thetriggeringconditionto be determinedn-line.
In eventof total power failure, the RPS-8884doesretain Alarm and Warning statusfor up to twenty-four
hours. Even after systemicfailure this provides a recoverabledatarecord. In ary casewe emphasize
thatwhile ary conditionresultingin AC cutoff will alsopromptaniFix Alarm, the trip processtself is
hardware-drven andindependenbf DCS software. The lone exceptionto this hardware-driven designis
the shutdavn of HV to the MUX boxesin a troubledfront-endrack, which will be handledthroughthe
standardHV controlinterface.

Theseelayboxesarebeingbuilt by BiRaarounda pairof Crydomsolid-statepowerrelays,aD53DP500
for switchingthe 208V, anda D2450for the 120V line. Both areratedat 50A, although20A brealersare
includedin the box for safety The 208V line is presentedo the rackwith a HBL2326 three-wirelocking
receptaclethe 120V line with a standardhree-prongduplex outlet. A power strip will be provided for
additionalprotectedsocletsto be usedby rackequipment.Theform factorof this box will beeithera2U
19” rackmountedbox, or a 8"x5"x5” floor or wall mountedbox. Statuslights indicatingthe presencef
voltagebeforeandafter the relayswill be displayedon the box’s front panel. The voltagecutoff will be
controlledfrom the RPS-8884mainchassisisingalow-current12V signal,operatedothvia softwareand
amanualAC relay control buttonlocatedon the RPSmain chassidront panel.

B. VME Reboot

In the caseof unexpectedVME processocrashit is possiblefor the systemto entera “locked” state
from which software restartis impossible. In this situationa hardware signalindependentf the normal
VME communicationghainis desired. Becausdhe RPS-8884rack monitor is alreadyconnectedo the
VME backplaneghis is easilyimplementedvia the SystemResetline, which canbe forcedlow via direct
operatolinterventionor whenanappropriattdDAQ-DCSCommunications receved. In mostcaseghiswill
prompta VME reboot.

C. DAQ Reboot

In the caseof an unexpectedDAQ PC crashit is alsopossiblefor the systemto entera “locked” state
from which software restartis impossible. In this situationa hardware signalto remotelyresetthe PCs
is desirable.An easybut ratherbrutal way to accomplishthis is to askthe RPSunits alreadymonitoring
the DAQ PC racksfor fire to cycle the AC power. A finergrainedandlessharshmethodwould be to ask
the RPSunits to asserthe hardwareresetline on the PCs’ motherboardsThe detailsof this taskwill be
investigatecht alaterdate.

D. Hardwareand Budget

Monitor hardware variessomavhat dependinguponrack type, of which therearefive: Far Detector
(FD), NearDetectorFront-End(FE), NearDetector(ND), DAQ (DAQ), andLeCroy (LeCroy). FD racks
containa 9U VME crate,a Pawer Distribution Box (PDB), andthe CalibrationFlasherBox. FE racks
containtwo watercooled6U VME crates,two Alner Boxes,anda FieldPointmonitor EachFD monitor
will alsoincludefour “satellite” smole detectordor its associatedrront-Endracks,which unlike the their
NearDetector(FE) counterpartdiave no active electronicsoutsidethe phototubesand so do not employ
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individual RPS-8884systemsThe ND racks,cornversely do notrequiresatellitesmole detectorssincethe
NearDetector-ront-End(FE) racksarealreadyinstrumentedIn otherrespectshey aresimilarto FD racks,
exceptthatonly afractioncontainFlasherBoxes. TableV summarizéhe FD andND monitorhardware.

NearDetectorFront-End(FE) RackMonitors are similar to thoseon otherND racks,exceptthatthey
requireleak detectorsand a separateset of temperaturenonitor hardware becauseaheseracksare water
cooled(Table VI). DAQ racksmountacquisitioncomputers storagedevices, and networking interfaces
which are capableof internal voltageandtemperaturanonitoring, so smole detectionand future remote
resetcapabilitiesof the DAQ equipments all thatis neededrom the RPSunitsin theseracks.Finally, the
rackshousingthe LeCroy mainframeswill bemonitoredfor smole. A singleRPS-8884will provide smole
detectiorandAC cutoff capabilityto adjacent.eCroy racks,utilizing satellitesmole detectorandganging
the AC power. Thesetwo simplerracksarelistedin (TableViIl).

Table VIII summarizesMINOS Rack Monitor hardware requirements. Note that only one FD and
oneDAQ systemwill be monitoredin the CalibrationDetectorprototype,which hasno ND or FE crates.
Accordingto collaborationpolicy, thehardwareusedin the Calibrationdetectomwill bere-usedn themain
detector so it hasnot beenbudgetedseparately An additionalLeCroy and an additional FD-style rack
monitor have beenallocatedfor the needof the BeamMonitoring groups SWIC controlequipment.

E. Status

TheRackMonitor hasprogressedapidly from generakoncepto concreteplan,in which DCSrequire-
mentshave beenestablishedandmatchedo appropriatehardware systems ParticularWarningand Alarm
thresholdsthelocationandshapeof the AC cutof relay boxes,the possibleuseof CaenNetardware for
redundan¥VME power supplymonitoring,andtheissueof how bestto remotelyresetthe DAQ PCsremain
to beresohed, but the overall subsystengesignis otherwisecomplete.

Hardwaretestsandsoftwaredevelopmentwill begin soononthefirst RPS-8884rototypeatthe Univer-
sity of Minnesota Duluth. To assistwith this taskadditionalresourcehave beenprocuredto supporteric
Hall, an undegraduatePhysicsMajor working with Alec Habig on RPS-8884hardware testingand soft-
waredevelopment,andat leastone otherundegraduateresearcheover the summer This effort includes
in particularthe Rack Monitor/iFix datalink and CalibrationFlasherCommunicationdnterface (below),
efforts which will culminatewith theinstallationof a prototypeDCS at the CERN CalibrationDetectorin
August2001.

VI. THE CALIBRA TION COMMUNICA TIONS INTERFACE

In additionto its own intrinsic monitoring functionality the BiRa RPS-8884Rack Monitor includes
a built-in Intelligent Instrument€EDAS 1002 ethernet-to-seriahterface. This providesboth RS-232and
RS-485portswhich canbe addressedirtually over the ethernein the samemanneraslocal (“‘physical”)
serial interfaces. While the RS-232port is resered for a possiblesupplementary/ ME power supply
monitor (SectionV A, the RS-485port provides a local communicationdink to the CalibrationFlasher
Boxes. This allows distributed LED Flashercontrol usingcommercialsoftware which malkesthe ethernet
link essentiallytransparentWhile this link is provided by DCS hardware,however, it doesnot provide for
directdatatransferto theiFix supervisgrnor do Flashertransmissionsake placein a mannerconducve to
DCS monitoring. LED Flasherstatuswill thereforebe transmittedto DCS via ROOT TSocletsas DAQ-
DCScommunications.
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Item Cost # Total

RPS-8884 $1,9501|$1,950
120/208VAC Relay Box 830/1| 830
AC Relay Coil/Power Cable 60|1 60
120V AC power strip 20|11 20
VME DC cable 251 25
Inlet Air Temp Board 135/1| 135
Inlet Air Temp Cable 35(1 35
Outlet Air Temp/Humidity Board| 160{1| 160
Outlet Air Temp/Humidity Cable 35(1 35
Smoke Detector 150/1| 150
Smoke Detector Cable 201 20
Satellite Smoke Detector (FD) 150/4| 600
Satellite Cable (FD) 20|14 80

Total (ND)|$3,420

Total (FD)|$4,10Q

TABLE V: StandardNear(ND) andFar Detector(FD) RackMonitor hardware.

Item Cost # Total

RPS-8884 $1,9501|%1,950Q
120/208VAC Relay Box 830/1| 830
120V AC power strip 20|11 20
AC Relay Coil/Power Cable 60|1 60
VME DC Cable 25|2 50
Water Flow Sensor 1201| 120
Water Temp SensorBlock 25|1 25
Water Temp Sensor 5/1 10
1U Mesh Leak Detector 1702 340
Smoke Detector 1501 150
Smoke Detector Cable 20|11 20

Total (FE)|$3,57Q

TABLE VI: NearDetectorFront-End(FE) RackMonitor hardware.

Item Cost # Total

RPS-8884 $1,9501|%$1,950
120/208VAC Relay Box 830[1| 830
AC Relay Coil/Power Cable 60|1 60
Smoke Detector 1501| 150
Smoke Detector Cable 20{1| 200
Satellite Smoke Detector (LeCroy)| 150{1| 150
Satellite Cable (LeCroy) 20|11 20
120V AC power strip (DAQ) 20|11 20
Total (DAQ)|$3,030

Total (LeCroy)|$3,180

TABLE VII: DAQ andLeCroy RackMonitor hardware.A LeCroy rackmonitor senesadjacentacks.

VIl. ENVIRONMENTAL MONIT ORING

MINOS EnvironmentalMonitors provide archival measurementsf air anddetectortemperaturepres-
sure,humidity, airflow speedanddirection,andradonactiity. Theseareprovidedin threelocationsatthe
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System  Detector Test Number Unit  Total
Type Near Far Cal Stands Instrumented Price  Cost

FD 1 16 6 2 17 $4,10Q $69,70(
ND 8§ 0 O 2 8 $3,42Q $27,36(
FE 27 0 O 2 27 $3,57Q $96,39(
DAQ | 8 8 1 1 16 $3,030 $48,48(
LeCroy| 2 4 1 1 6 $3,180 $19,09(

Subtotal|$241,93(
10% volume discount| -$24,193
Total [$217,737

TABLE VIII: RackMonitor hardwaresummary CalibrationDetectorandTestStandracksarelistedfor informational
purposeshut not budgetedseperately An additional FD-style and an additionalLeCroy rack monitor have been
allocatedfor the BeamMonitor Group's SWIC controlracksat the neardetector

FarDetectorandonelocationateachof theNearandCalibrationDetectorsand(exceptfor RadonActivity)
ateachof thethreeBeamMonitor SWIC devicesin themuonalcoves.

Standardatmospherieneasurement@reobtainedby the Oregon ScientificWM-918 ElectronicWeather
Station, an integratedmeteorologicaldevice with a built-in RS-232interface. It is readout by a driver
runningonthe DCS Supervisoprocessovia thetheDCSLAN usingastand-alon€&DAS 1025Eethernet-
to-serialinterface.Dataarewrittento disk in ASCII formatfor importationby iFix.

Radonmeasurementareparticularlyimportantin undegroundwork areaswherethe level of this nat-
urally occurringradioactve gascanbe elevatedbecausef its high densityandthe proximity of its source,
heary unstableisotopesin the soil. DCS will continuouslymonitor radonactiity at all Ervironmental
Monitor sitesusing Aware RM-80 RadonMonitors read out via a National InstrumentsFieldPoint FP-
CTR-502countermodule. FieldPointstationsattachedo eachEnvironmentalMonitor alsoallow direct
detectortemperaturaneasurementssing the FP-TC-120thermocouplenodule,and provide simple DC
voltagemeasurementfor the beammonitor electronicsat muchlessexpensethanfull-fledged RPS-8884
systems.

A. Budgetand Status

EachWM-918 WeatherStationis estimatedo cost$300?7?.FieldPointhardwareis $1,500??per site,
includingthe etherneinterfaceandpower supply radonmonitor countermodule,andthermocouplanod-
ule, while the AwareRM-80 itself is $1,000?? Thusthe five NearDetectoy Far Detectoy andCalibration
DetectorEnvironmentalMonitors requirea total estimatedutlay of $14,000??The threeBeamMonitor
sitesexcludetheradonmonitorbut replacets associate®P-CTR-502vith amultichannehnalog-to-digital
converter but includeonly oneWM-918. The estimatedotal for thesethreesystemss $4,800??for anet
estimatedEnvironmentalSystemsallocationof $18,800??.Ethernetport andincludedin the costof the
DCSLAN, while stand-aloné&EDAS 1025Eethernet-to-seridhterfacesweredescribedn Sectionlll

The entire EnvironmentalHardware systemconsistsof off-the-shelfcommercialsystems.The Oregon
ScientificWM-918 (Windows 2000)driver hasalreadybeenexercised,ashasthe built-in Field Point/iFix
link. Operationof the AwareRM-80 with FieldPointhasyetto be demonstratedhowvever, and(aswill all
DCS subsystemsgompleteintegrationwith the iFix supervisolis expectedto requirea significantinvest-
mentbeforetheprototypeErnvironmentaMonitor is readyfor installationatthe CERN CalibrationDetector
in August2001.
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VIll.  THE BEAM MONIT OR

At presenBeamMonitoringis considereanly for themuonbeamatthedowvnstreamrendof theMINOS
decaypipe,justsouthof theNearDetectorhall. Its modularSegmentedVire lon ChambergSWIC) system
could, however, be extendedwith little changeto accommodata future hadronmonitoringsystem.

A. SWIC Hardware

Fig. 2 shawvs the physicallayout of the muonmonitoringsystemandassociateelectronicsjncluding
96-channeBWIC deviceslocatedin threemuonalcovesdownstreanof the beamabsorberSWIC readout
electronicsarea FNAL standardutilizing the SWIC’s built-in Internal Sequenceand Dual Port Memory
and controlledby an acceleratodivision VAX. Communicationsare achiezed via ethernetand a single
centrallylocatedVME crate(Fig. 3). High Voltageis suppliedby LeCroy hardvware asdescribedn Sec-
tion IV, with modificationsaccordingto Application Note AN-48 to accommodat¢he 0—500V rangeof
thechambers.

The BeamMonitor requiressix ethernetLAN ports: three at the MasterReadoutrack for the VME
processgWM-918 EnvironmentalStation,andEDAS 1025Einterfaceconnectedo theLeCroy HV supply
andthreefor the FieldPointtemperaturendbackplanesoltagemonitors. The SWIC systemalsorequires
anacceleratoclock signal,obtainedirom the NearDetectorHall via a900foot RG-8cable.

B. SWIC Readout

SWIC readoutwill include pedestalpeamspills, and between-spillcalibrationdata. This is accom-
plishedwith the samemodelusedfor BeamMonitor testruns,in whichaVisualBasicprogram(in this case
runningontheDCSSupervisorwill openasocletto requestiatafrom theacceleratodivision VAX, which
in turn obtainsit from the SWIC VME crate. Thesedatacanbe usedto characterizéhe muondistribution
in multipolarform, perhapsup to thefifth moment.

SWIC dataincludingend-of-spillinformationwill bewrittento diskin ASCII formatandimportedinto
iFix (TablelX). After someexperiencehasbeengainedwith beambehaior, iFix will setWarningsand/or
Alarmsbasednvariationsn themoments While thisprocessill belargely automaticperiodic*manual”
voltageplateaucurveswill berunto verify SWIC performancendtestchambeigaspurity.

IX. THE MAGNET AND COIL CONTROLLER

While the SteelGroupis responsibldor Magnetand Coil control, it will log datato DCS. Both func-
tionsareaccomplishedia Nationallnstrumentd-ieldPointhardwareinterfacedto the coil power supplys
internal remotereadoutand control system. Currentsare measuredvith built-in power transducerand
coil temperaturaisingstandard-ieldPointmodules.Resistancéridgesarealsoincludedto monitorsmall
changesn coil resistanceandinterlocksareusedto shutdown the currentin theeventof local mechanical
or electricalfailure. Similarly to the RPS-8884RackMonitor AC relays,the Coil Monitor producessoft-
wareFieldPointsystemis hard-wiredto the power supplyinterlockswhile the MagnetandCoil Controller
(aLabView processpndtheiFix Supervisolemploy built-in driversfor remote(ethernetaccess.

Inductiondatawill be written in ASCII formatand proceedvia files on network-mounteddisks. The
only substantialsourceof communicationbetweenthe DCS and magneticsPCsis changeof condition

2While the AN-48 procedurds straightforvard, it describes silicon microstripapplicationandsatishctory performanceor
the SWIC devicesmuststill bedemonstrated.
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FIG. 2: Schematidayoutof the beamabsorbeareaandmuonalcoves. Cablerunsareindicatedfor thethreeSWIC
controllers.

ltem Words
Last2 BeamPositionMonitors (BPM'’s; X+ ) 242
OTR (Optical TransitionRadiation)monitors 2x 400
Muon beammonitorchambers 3x 96
Low enegy beamBudalmonitor 1
If higherenegy beamtargets (+1)
Left/Rightthermocouplenonitors(for beam 1+1
wander;needa few minutesfor equilibrium)
Horn currentstiming, microphone 44444
Hall probeandB-field pickup 2
Targetpile temp 1
HadronicHosecurrentstiming 4+4
Absorbertemps(8 Al & 1 steelwatercooled; 8+1+m
3-5steel,notwatercooled.
Waterflow meter temp,level 3
Coolingair tempin, out 1+1
Decaypipevacuum temp 1+1
Exhauststackmonitorfor air activation 1
Beamlossmonitors +n
Word Count 1135+ m+n

TABLE IX: BeamMonitor data(preliminary).

commandsand statusfeedback(e.g. degaussSM1, ramp down, rampto standardoperatingconditions,
setcurrentin SM N to i). The detailsof this interface have yet to be addressedbut it is similar to the
light injectionandHV subsystem#n its software and hardwarerequirements DCS monitor channelsare
(preliminarily) summarizedn TableX.

Synchronizatiorof thefield monitoringsystemthecurrentsettingsandthe currentmeasurementis an
importantcomponentf the magneticcalibrationprocessThis problemis solved by having all signalsand
controlsrunthoughthe magneticqcoil andinduction)PCs.Readouis separatethy sideandsupermodule
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Signal ID Type Activation
CurrentSetting | Analog|0-10VDC
Forward/Rererse |Contact SPDT | Magnet

DCOn Contac NO Power
DC Off Contac NC Controls
RemoteReset Contac NO
ContactSpareqg3) |Contac
OutputV Analog|{0-10VDC
Outputl Analog|{0-10VDC
AnalogSpareg2) |Analog|0-10VDC| Magnet
Forward Contac Power
Reverse Contac Monitors
Interlock Ready |Contac
DCOn Contac
ContactSpareq3) |Contac
T/C Temp#1-10 |Analog| TBD Coil
Klixon over TempSum Contac NC Temp
T/C over TempSum |Contac NC Monitors

TABLE X: Magnet& Coil signals(preliminary).NO/NC = normally open/closed.

in the Far Detector with Fieldpoint stationslocatedon the lower-deck south-westend of SM1 and the
lower-decknorth-westendof SM2. Noting thatthe questionof dedicatedCSandmagnetPC useis to be
addressewvithin this Review, readoutPCsareplannedon the mid-level decks threeontheeastandoneon
thewest,all connectedo the DCSLAN.

While this (preliminary)sectiondescribeshe Far Detectoy mostcoil andmagnetsystemsnformation
appliesto the NearDetectoraswell. Little progresshas,however, beenmadein detaileddesignof this
system.We hopeto addresst during Spring20000n the Nearand Far Detectorcoil prototypeswhich we
expectto be operationaby the endof Winter.

X. DCSCABLES

The MINOS DCS systemwill emplg a limited numberof cables. Theseinclude both RS-232and
RS-485compatiblecables both shieldedandlimited to 1 m in lengthin orderto reducethe possibility of
interference.In additionthe Rack Monitor will requirea limited numberof andall DCS cableswill be
commerciallymanugcturedn accordancevith MINOS andFNAL guidelines.

Xl.  THE CERN CALIBRA TION DETECTOR DCSPROTOTYPE

Thefirst DCS hardwarewill be deliveredto the CERN CalibrationDetectorin in April-May 2001. It
consistsof a “stand-alone”HV controllerinstalledby Macalesterand the University of Minnesota-Wwin
Cities. During summer2001 Wisconsinwill develop the file-sharingprotocol for iFix andthe Oregon
Scientific EnvironmentalStations,while Minnesota-Duluthwill completea Rack Monitor Prototypeand
develop the built-in iFix/BiRa interface. All four groupswill assistin developmentof the iFix Graphical
UserlInterfacein orderto produceaworking DCS prototypefor installationat CERN during August2001.
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Xll. SUMMARY AND BUDGET

Up to this point DCS efforts have beenlargely devotedto subsystenmardware andplanningthe global
DCSstructure. Thisdocumentepresentsur attemptto addressemainingconsiderationfrom the January
2001 DCS Review andOnline Workshop,andto formalizethe global DCS design. It is expectedthatthis
effort will continuethroughthe March2001MINOS meetingat Fermilab,afterwhich additionalcomments
will beincorporatednto Version2.0 of thisdocument.

While mostof the DCS subsystembave reachedr arenearoperationalevels, seamles#ix adminis-
trationof theHV andotherDCS processewiill requiresignificantadditionaleffort. Theseissuesof global
integrationandcommunicationgrethereforeexpectedio occugy muchof our effort throughouthe period
betweeninstallationof the CalibrationDetectorHV Controllerand constructionof the first Far Detector
planes.Outstandingssuesnclude:

e Graphical User Interface iFix providespowerful GUI capability andthe overall structureof the
iFix DetectorControlSystemhasbeenestablishedindividual pageswill bedevelopedfor theCERN
CalibrationDetectoy and modifiedfor usein the Nearand Far Detectorsaccordingto experience
gainedthere.

e High VoltageTheHV controllerhasdemonstratedoclet-basedperationrandiFix providesbuilt-in
soclet access.Thesetwo capabilitieswill be integratedinto the DCS prototypefor useat CERN,
andthenexpandedor multi-procesdHV controlin the Far Detector

e Rack Monitor TheiFix Supervisohasbuilt-in capabilitiesfor operatinghe BiRa 8884RackMon-
itors. The will alsobe developedas part of the DCS Prototype,and expandedfor the larger Far
DetectorSystem. The watercooled Near DetectorFront-EndRackswill requireadditionalhard-
wareandsoftware capabilities but theseareprovidedin a modularformatby the vendorsandtheir
implementations expectedo be straightforvard.

e Calibration Theparticularcalibrationinformationto beloggedby DCSmustbeidentified.l will be
deliveredto DCSusingthe sameROOT Tsoclet protocolasotherDAQ-DCSdataexchange.

e Environmental, BeamMonitor, Magnet & Coil Thesesubsystemwill shareddatawith iFix using
ASCII files. TheiFix supervisos built-in dataimportcapabilitywill be customizedo accommodate
thevariousformats,but this taskis straightforvard.

o DatabaseSignificantadwvancesn ourunderstandingf the DCScontritutionsto thedatastreamwere
madeat the RutherfordDAQ workshop,but considerablefforts remainsin finalizing the detailsof
the datastream. Lessonsfrom the CERN prototypewill againbe appliedto later full-scale DCS
implementation.

Aside from their effect on the Communicatiorand Control budgetof $40,000,the High VoltageCon-
troller, Calibration Monitor, Beam Monitor, and Magnet& Coil hardware do not contritute to DCS-
accountedardwarecosts.The EnvironmentalMonitor Systemrequires$18,800 while the RackMonitors
outlay of $170,870makesup the majority of thetotal estimateds230,670DCS hardwarebudget.
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FIG. 3: The BeamMonitor SWIC masterreadoutrack. It containsthe LeCroy 1440 high voltage supply SWIC
controller and front-end electronics,SWIC low voltage supply and ARCNET hub, and VME readoutcrate. The
secondandthird rackscontainonly the SWIC controllerandfront-endelectronicsandthe SWIC low voltagesupply



